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ABSTRACT

Crossties ware made by the Press-
Lam process, in which logs are peeled
into veneers, drled, and glued into
billets in a continugus procedure. Billets
were made from 8.5-foot-long veneers
and from 4-toot-long veneers, cut into
final product dimensions, and treated
with preservative.

In laboratory tests, bending strength
and stitfness of the Press-Lam ties were
found to exceed those of solid-sawn red
oak crossties; shear strangth was only
adequate.

Tie wear tests showed lo. surtace
wear for laminated ties, cotaparable to
the performance of solid specimens.
Results of spike driving tests, however,
indicated problems in some species. All
Press-Lam tles met the performance
critaria in the cyclic detamination tests,
and, In lateral resistance tests, Press-
Lam ties were not significantly difterent
from solid-sawn ties.

Volume yields are discussed and cost
estimates are provided for use in
calculating total tie costs tor specific
cases.
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INTRODUCTION

In 1973 crosstie demand increased
considerably over previous
requiremants Hardwood nommally used
tor ties was being diverted for other
uses such as pallets and turnitute
Annual tie production had previously
averaged 20 to 22 million. but needs in
1973 and projected heyond were for 26
million or more Crogsties were in shott
supply and prices were apptoaching
§20 per treated crosstie in comparison
with $3 to $9 common before.

By 1979, production of treated
crossties was meeting the demand, but
prices had risen to a delivered cost of
$16 to $22 per tie Of this, $5 50 was the
cost of treating (9) * Adequate
hardwodd supplies now appear to be
avaitable long into the tuture (22). The
sawn crosstie industry can meet
demand when “track maintenance
is planned well in advance ot actual
nead ' (7). Atissue now is the ability to
produce crossties rapidly at reasonable
cost. This cannot be accomplished by
processing sawn treated crossties
because of the extensive drying time
required for large solid-sawn sections.

The high prential of producing
railroad ties by a moditied Press-Lam

s SN — = o v e

system has been recogmized by both the
Forest Products Laboratory (FPLY ang
Koppets Company, Inc (Pitsburgh
Pa ) lor several years The most
attractlive features of thas processing
scheme are treatabdity and the hugh
yteld of and rapid cometsion to dny
structutal products A tremendous
aventony prablem could te vatualiy
elimmnatad because dry hes can be
produced in days, whereas they now
rgquire up te a vear of ait diving when
sawn

Two studies were completed n
cooperation with Koppers to evaluate
the Press-Lam processig and
pettormance of crosaties The tirst
study, begun w April 1973, produced
ties ot 8 toot-long veneer Sixteen tiog
were lill-sized “Standard Heavy-Duty ™
ties. and ten were the same tength but
narrow. Six of the tull-sized ties wete
placed ‘ntrack tot the Penn Cential
Transportation Company at Qirvidie.
Ohio, in May 1974 (tig 1), three wete
kept tor spike tests and general
obsarvalions, and seven were placed in
the Koppers yard track  The ten nattow
ties were tested at FPL to ovaluate
bending stifthess {in which one tie
broke). then ware Tut in two, with the
short length kept at FPL tot
preservative-traatiment tests and the

\";\‘\ \'aP&‘\—J‘) §

longet sechon gent to Keppers o hie-
waat tests,

The second study, begun ¢ August
1978, produced 28 tullegized lies trom 4-
toot-lung venears Ad 25 wete tastad e
evaivale bending stiftness Nine weore
retataed at SPL for bending strength
and shear strength determnations ang
18 were sent o hoppets ko prosen atne
treatiment From hoppets, oight bes
wete putinto the Batkaglon Nortiner
ttack near Motne, te i AMay 1970 tog
inde the Koppeats yand tack anag fou
nito e Federal Raroad
Admuusttation ¢ FASRY Liaca m
Puabio, Golo |, m Jung 1876

Thig cep at digcusses the tesearch
undettaken, the results obtamed
preliinan plant econonucy, and
ntrach paetiormance to date

Background

The potentiat tor handwood Pross
Lam ciossties was recogiized tollowing
Woth ¢ Press-Lame-type processing of
pallet dechboards ftom lowsgrade
hatdwood fogs (1) Prelmwnan
estinates of the gost to progess
crosshios using Progs -Lam techmiques

Aamtaned at Maduon Wiz 5 cooparaton wih
the Unneraity of Wiseohsm

Uhindorhdigd tinliees o parentheses teter tn
Heratuee et at pod of repon
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ware encouraging enough to
investigate the technical aspects
turther. Ot particular intereat was the
enhanced treatability of large Prass-
Lam sections of a ditficuit-to-treat
species (heartwood Coast Douglas-tir)
(21). This was teit to be a distinct
advantage to provide biological
durability in service.

Critical to ovaluating the suitability of
expearimental crossties are the
requitements for and actual
pertormance of crossties. in general
the in-service loads on crossties have
been weakly documented in the
literature. It was suspected that the
primary tailuse in service was due to
mechanical wear and decay at the tie
plates, tollowed by bending-induced
tailures in about 20 percent ot
replacements (24) Earlier reports by the
American Railway Engineeting
Association (AREA) indicated more
fallures due to splitting and decay (62
pct) than to mechanical wear (33 pot)
(8). However, decay at the tie plates may
have been classed as general decay
and not a combination of mechanical
wear and decay. it is likely that the
increasing use of heavier freight cars
will change the statistics to emphasize a
higher perceniage of structural failures
(18).

An AREA spacitication (3) on
concrate ties represents the first
nertormance specification tor any type
ot tie. The AREA specification tor timber
crossties addresses only spacies,
limitations on defects, and dimensional
requirements (2) A tie size of 7 inches
deep by 9 inches wide by 9 teetlong is
recommended as the minimum
standard tor all North Amarican
railroads with heavy traftic.

Allowing the maximum defects for red
oak ties (2), ASTM Standards D 245-74
and D 2555-73 (5.6) were used to
estimate allowable design properties tor
visually graded red oak crossties (11):

Bending strength {MOR) : 1,475 psi

Bending stitiness (MOE) . 1,100,000 pst

Shear strength 1 105 psi
Limitad data are available on spike
withdrawal and tie-plate wear as
obtained in the AAR tie wear test (14).
Tie wear appears to depend upon
species dansity, with higher-density red
and white oak exhibiting iess wear than
pine. Spike withdrawal load levels are
similatly aftected.

An analysis and proposed
pertormance level tor wood crossties

has been advanced recently (1977) {18).

1t concludes the tollowing.
1. Optimum length of a tie to prevent

Figure 1.—Press-Lam crosstie being placed in track.

M 142 344200

Figure 2.—Loading modes to which & cross o is subjected
Left. Ballast remains essentially in place Shear and tieaure properties are equally
impottant.
Right. Centerbind is caused by erosion of ballast from beneath raliseats Flexure is
the critical loading mode

NdsOn

centerbinding., assuming consistent

ballast compestence., is 8.5 tast plus one-

halt tie piate length (approximately 9 ft).

2. Agsuming a maximum ballast
bearing pressure of &5 psi can occur,
then:

a. A 9-toot tie subject to
canterbinding (tig. 2) should be 7.6
inches thick to meet tlexural
requirements when allowable bending
stress is 1,100 psi.

b. A hardwood tie would be required
to tolerate the crushing stresses below
the tie plate.

¢. The maximum anticipated shear

stress is 250 psi in a 9-foot-long, 7-inch-

deep tie This shear stress is somewhat
higher than the design stress for a
typical hardwood and it such
information is adopted as a standard,
larger wood crosstie cross sections will
be required. Press-Lam test data in tater
sactions of this report will be compared
with proposed performance levels (18)

Research Objectives

The aim of this work was to evaluate
(a) the eflectiveness ot Press-Lam-type
processing of thick rotary-cut hardwood
veneer into parallel-laminated wood
crossties and (b) the pertormance
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proprertien ot duch crossties w
cotipared to thowe ot uifently solid-
BAWI GrOGStAN.

METHODS

Processing

Synopels

The Bress-Laim process smbodies
stored-heat laminating (Cutiyg) of thick.
sliced venear (1.25 . o move (iek)
uaiig the residual baat of the woodt as
removed from a veneer dryer (10,19
The [deal provess s anvizioned as a
CONtNUOUR CORVERION Ot pleet venest
ito structural luber. The veraion of
this pracess uzed v the labotatoty
tecessatily deviates trom the idaal
process due 1O the lack of coitinuous
production line tadilitig,

With 8.3 ta0k0g wWnee:, it wax
mporsitie 1o prexs div and axsembtie
immediately bacause anly dune d-toot 8-
ich preas was avanatte at the Forest
Products Laboratory 1herelure a
modified proteasing schame was used
to stnnlate a ¥ oesa-Lan operation Yhe
thick venear was press diiesd in
advande, coated. and wiapped i
plastic. These velesrs were then
rehgated it a Coe ey veneet iy
and lanunatad i the 8-10m Qdnch
Prous,

Materinis

Bix gpecias of 14t 18 doch-diamete
logs (GQrade 2 and 3) wete selected to
avaluation in Prews-Lam tie produgtion
and pattorange ted gal, white
(Inchucting water) vak, gweetun,
blackgum, beech, and tichoty For the
tivst study Qroups ot 10 logs per jhacies
setetted in Alabama were buchesi to 8-
toot 10-ineh lengihs tor tubiseuient
rotaty cutting

Fuor the gecond gtudy 28 peatabie fed
vak grodstio logy (B 1 B in long), Forest
Setvice Qrade 3 or lwer, were
purchased Fom a sawmitt iy gouthern
Wisgansin that war cutting Crosglies
Theze were buthed to 4ot dineh
tenpths tor subzequent rotary vutting
Smatl-ehd dimetet averaged 16 inches
and vatyged from 11 to 24 nchos

Rotay Gutting

Thee intent was to totaty cut two
thickrerges {U 28 ant U 40 i Yot venest
fronm sach gpedien of 8-t B-inchdong
togs and 0 437 hathick venesr tom
the oot J-inch ted val bolts

Tha 3001 G-inch bolts wate steam
hreated and totaty cut commercially it a
mill {inn Alabama) notmally set up to

rotary cut andd ol or soutiem pine
plywood tabitication. Dus 1 production
presiines and the untamiiatty ot the
Apetator 1 handwood atary-gutting
techitigues, the quantity and thichtess
Quatity of the venear wasd ubstandant.
The lithie tovabar was backed ott
completely and the hbite angie van
Improger. SpRing pHot to tetraating
Qutet chiuche and rextaiting with amaiter
Thucks e 10 excessive winout ot

Lot The glippet could only be
manually ope: ated o eut a 10ingh
witdth, resultiing in inconsintent veives
widtha, Althouah the actual thickiess of
£re naminal O 28:inch vehiear was
actaptatile, ranging ftom 0 23a

0 952, the rianunal O 43:inch vetieet was
substantially undatsized. ranging trom
T332 to 0 266 meh This did not altow

Tie average ot 40t chatks ot dne
lAathina trom sach boll {at thiwe
PORMHONR) Vs 0400 ch. Thete was w
aygtematic variation O thithneds atioes
thi Cut length (along tha grain), andd the
rasuititg veneet was of goad qualty
Spmaut and aplitout were minimal. The
velieat wak Clipped to 10 iches The
grean voneet thithiess averaged O 40
neh with a Coefticient ot vatiation ot 2
petvent
The veneat war gtaded for kot

content (1g. J) (table 13 Tlass L xnol
ottupied T Ao 1 2 the cions gection
with agsociatest prain deviation
creuuving t 2 ot tare of the ¢rose
edtion Glate D hnots ccdupieid | 40
1 3 the grows aection with axstdiated
grain devistion dedupying t Ak Y 2
the Clogs gechon, Glazs Ianate

Table 1Kot detect measursant in 1,300 vetrents'

Rt clane oy

Clanz
Nuditue:
W R
Troar
N4 e
Ne 2 IN
N 121
ANy w
ot LI 1Y
AN oan
Clanagy)

A L N
Voot a.@ clamnbiad by he rpeal vy jeeneat
AR AR Y ARt

diftetertiation n the procesting
Detween O 95 weh aind O A0 mch
venew

The gieen routbsin Wistonain ted
Vak LOHE, 4 teet ang, wete dobarhed
ad heated by subienson m watet

Tempertliey Avergye e
) ()
BN B is
At 12 b\l
R0 1G0T 4
Atgre NI

GO (Y fodayy)

The lathe was g0t at a teed ot O 88
neh
TIWO Bodte were cut at O WER teadd with
A0 2710 0 AMRanadh gap (10 pt
CUINPHRRION O Y pet oi teed),
reitaining Loits wete ot at
O 885 tead with 2 0 Y- o
0 A5 mat gap (Note fupotat
Q2068 ~ DAY,
Load = 0060 wmah for all cuttings

CHhTataw of yaaiy’

Porgant Nipbes ot Perveal
VSR AR

ad AR
£} An M
i 4 W
na W WA
14 b 43
LAY Lan W
2 A\

WHER RUATHT ADS A e tanie o Lt 3 the

actupied t 310 1 4 the groes zectin
with aszouviated gram deviaton
Cocupyig At 3 the gross gedtioh,
G 4 Anot vt fegs than | 8
the crorx 2edtion with agtodiatend gtam
daviation vtoupying léss than b 4 the
THOEE Feclinit

Auch o the vettest (41 3 pet was
earehliatiy clear even though the togs
fronuwiue it it wakt gul wete tetatively low
Quality

Preas Diylng

Prohiemy i ottacing the venest
fram the @iy Alatama specex atud the
pratiest condition planng xhginents of
thoxe venvetr (Appetsdin Al provented
aveutate detetmination at then ess
Jdiving propetties To aatinate diving
tiaren o N Satcent moidtute Cattent ax
A tunchion ot apecies amd thickbess
fait of B-toot vehieeis were Sut ito two
parts sach total ot tout 48 boands)
and disad, o the basiz of past
anperencs, toy a motgtiute content
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Figure 3 —Classificat:on of knots m tyor
expressed as a fraction of veneer width

(M SER AT

approaching 20 percent Thiswas a
compronyse inasmuch as there was
considerable vanation of the maisture
content within a species as well as the
usual heartwood and sapwood
presence Based on this imited data
and past expenence, drying curves
were developed (ig. 4 and 5) Foreacn
given species ana thickness, ali veneer

4

.
:
The veneer shown was not usea 4

F-mrch-wide Oy 4-1000-10nQ reC 0ak vereer Aol gramelr ang gram devighos

was dned ot a single tune pened inthe
process of teheating. moisture 0Ss was
anticipated o be about § percent te
atnve at a desied moisture content of
approumately 15 percent Samples
taken dunng processimg mdicated that
the mosture content was closet to 10
perce tor the thinner O 25-nch

vetied - and tor the assembled test tie

o8 because o wane

RoHes

Ai of the O 40.nceh-luek veneer fiom
4-{00t Janch Dolts was squared o 49
aches 1 fength after cuting graded toe
Anot size classes (g 3) and press
g m sets of tour i a 80- tw 80anch
press with vented cauls At 3787 F s
s

One sample hipped boand was

e
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Figure 4.—Moisture content changes in
8.5-foot veneers during press diying at
375°F, S0 psi(t = 0.25in.).

M8 28y

removed from each bolt to be used tor
the prelimtinary drying rate
observations. The average moisture
content of these veneers was 82
percent (range 69 to 93 pct), varying
between trees. The effects ¢t drying
time (fig. 6) and pressure (fig. 7) on
moisture content and thickness loss
indicates that 50 psiis a good
compromise for rate ot drying and
thickness loss. With the cauls used here
{1/8-in. holes, 1-in, on center, square),
this vaneer blew up at 200 psi because
of insufficient venting (fig. 8)

Using these preliminary observations
as a guide, All veneer was predried to an
estimated 12 percent moisture content
in 13 minutes. Because sapwood and
heartwood of red oak are at about the
same moisture content and dry at
essentially the same rate, no
segregation was necessary.

\ |
wol |
20+ ]
R BLACKGUM
< Y. 2o\ i WHITE OAK
1S
2 HICKORY- RED 0AK
W \ N O\ SWEETGUM
5 BEECH \ D
S 0+ D SE -
9+ i
~~ [— —
5 ]
Q I 7
3
5 -
<l -
!
i
3= -
|
2 ]
i
/| L - U U S S
0 2 P P3 s 0 2 4

ORYING TIME, 8 (MIN}

Figure 5 —Moisture content changes n 8
F. 50 psi(t = 0.40in.)

(M 148 288)

Lamination
8.5-Foot Veneer

The veneer previously dried in a press
to 15 percent average moisture content
was reheated in a roller veneer dryer
operating at 300°F for petiods adequate
to develop glueline temperatures
approaching 200°F (5 to 7 min tor each
venesr). Because of limited open time
and thickness of the veneer (and
associated cooling eftect), only three

5-fo0t veneers dunng press dryang at 3787

lamina could be assembled at one time.
Thus a 7-inch-thick tie ot 0.25-inch
veneer would require about 10 subsets

The expsrimental resole-type
adhesive (modified phenol-resorcinot)
used was supplied by Koppets
Companv (16). Spread rate tor the
adhesive was 60 to 65 pounds per
thousand square teet {ib/Msf ot
glueline. For purposes of quality
control, glueiine temperatures

i
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Figure 6.—Press drying and thickness loss curves for red oak veneer as functions of

drying time

(10in. x 48in. x )
M, = 81.5 percent
{, = 0.400 inch

2

5

Press: 50 inches by 50 inches (vented cauls), 375° F, 50 psi.

Each data point average of four boards.

(M 145 349)

6

20

approaching 200°F were monitored
using thermocouples.

All laminating was done in a 2- by 8-
foot press at 150 psi (fig. 9). The time-
temperature pattern of the glue bond is
srown in table 2. Another variation from

Tabie 2.~Typical glueline temperature
as measured by copper-constantan

thermocouples in 8.5-foot veneer ties
Thermocouple focation

Time

34 1.2 23
Min *F F °F
0.0 160 130 130
05 180 170 175
10 188 178 135
20 192 192 105
30 195 198 200

the original Press-Lam concept (19) is
the need for maintaining the high
temperature ai intersot boundaries for 7
minutes between add-on veneers.
Therefore the top platen of the
assembly press was maintained at
200°F.

Veneer more than 9.5 inches wide
was made into 16 ties (dressed to 7 by 9
in.) for intrack tests. Veneer less than
9.5 inches was made into 10 narrow ties
for wear tests (dressed to 6 by 8 in.).

No moisture content estimate could
be made of the intrack series; moisture
content sections obtained from the
narrow series (table 3) ware supposed

Table 3.—Final average moisture
content (oven-dry basis) of finished
crossties cf 8.5-foot-veneer

Tio

Tie species moisture

contant
Pct
Red oak 9.4
Hickory 7.0
Beech 10.1
White cak 110
Blackgum 1.4
Sweetgum 62

to have been 15 percent, but excessive
drying and reheating lowered this to
closer to 10 percent. The overall
thickness loss from green veneer to
finished tie averaged 9.3 percent with a
coesfficient of variation of 14 percent.
This value includes a loss of thickness
in press drying plus a small loss in
reheating and lamination.

4-Foot Venaer
The tie assembly scheme for 4-foot

P P S g
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veneer dittered from that ot 8.5-foot
veneer. in this series, no veneer
reheating was necessary. Sets of four
veneers were press dried and
immediately step laminated to produce
subassembly Press-Lam dimension
boards, 8.5 fest long, about 1.5 inches

thick, with staggered butt joints (tig. 10).

To stagger butts in an orderly fashion,
the veneer was cut to 49 inches and the
ties ware cut to 104 inches. This
combination enabled butts to shift six
inches from board to board in final tie
assembly (fi3. 11). These dimension
boards were in turn reheated in a rollar
veneer dryer (325° F) and laminated,
one at a time, for a totat of five boards
per tia (a total of 20 lamina deep). No
surfacing was performed prior to either
of the two {aminating steps.

The adhesive was applied using an
extruder or ribbon-type spreader. The
spread rate was maintained at 60 to 65
1b7Msi. Because the veneer drying time
was long, the laminating cycle was slow
{14 min), more than ample time for resin
cure. Figure 12 shows the sequence of
green veneer grading, press drying,
step lamination, dimension board
recovery, and reheat laminating.

Glueline temperatures in excess of
195° F were tound desirable during
laminating for this experimentat resin.
Thermocouple measurements indicated
glueline temperatures ranging from

190° to 200° F. Every sixth board was
removed from the continuous
preduction flow to be used for other
strength tes's. A total of 149 boards was
fabricated. Gilue bond shear tests were
made on test specimens recovered from
other mechanicatl tests.

Five dimension boards were reheated
in a tunnel roller veneer dryer (325° F,
14 min) forming four giue bonds, one at
a time. The upper platen in the press
{2 by & ft) was maintained at 200° F to
provide a 200° F bonding surtace
temperature. A wooden caul was used
on the bottom of the tie assemblv.

The boards were assembled with
sequential veneers; the ties were
assembled from boards in the order
produced. The method of assembly was
chosen to be consistent with
manufacturing processes, so data
derived from the study should be
translatable to a manutacturing schemse
without much difficulty.

With an overall average thickness loss
of 12 parcent. the finai tie depth was a
little over 7 inches. One consequence of
the assembly from five boards was the
location of a bond between loose faces
(surface containing lathe checks) of two

18

O

16 —

N
l

% MC

MOISTURE CONTENT (%)
S
|

o 50

PRESS PRESSURE tFS1)

%
|
o

V)

Q
{"}

THICKNESS LOSS (%)

Figure 7 —Percent moisture and thickness I0SS &S & funclion of press dryer pressure

at constant temperature and drying rate for

red oak veneer (10in. by 48 in. by )
M, = 823 percent
{, = 0.400inch

Press: 50 inches by 50 inches (vented cauls), 375" F, 13 minutes

Each data point average of four boards.
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adjacent veneers (L-L) symmetrically in
the center of the tie In addition. the tie
has tour other L-L bonds In contrast,
the tie without butt joints (8 5-ft veneen
has only one loose-to-loose bond again
n the center of the tie. with ali the othet
bonds loase-to-light

A total of 25 red oak crossties
composed of 4-foot veneer was
prepared The ties were dressed 10 tinal
width and crosscut to 8 teet 6 inches in
tength The average moisture content ot
the hmished ties was 11 4 percent.
unnecessardy .w for railroad ties, but
close to normat for use i standard
bending strength tests

Preservative Treating
8 5-Foot-Veneer Ties

Treatability of seven sections trom the
narrow serigs was evaluated in the
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Figure 10 —Process strategy in Press-Lam tie production Drying and subset assembly of hot. $8-inch-long veneers yields

boards 1.5inches thick by 10 nches wide (note staggered butt joints between layers). and
Tie lamunating five hot boards in four sequential steps (four gluelines per tie} yields one fimished tie
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Figure 11.—Diagrammatic representation of typical butt joint lccations in crossties

produced from 4-foot-long veneer.

M 148 261)

laboratory. Until then, no creosote
treatments of Press-Lam hardwood
beams had been made. Preliminary
commercial treating in the spring of
1974 on tie sections indicated a very
high pickup by conventional treating
schedules (21). Because each tie in this
test group was unique, no variation of
treating conditions could be explored.
All were treated with the same schedule
at the same time. Because of the short
specimen length, one end of each
specimen was coated with epoxy.
Variation in preservative pickup (table
5) was not unlike that for solid members

of these species and was similar to
retention levels achieved commercially
(table 4).

To reveal creosote distribution
patterns, photographs of various cross
sections in the beam were taken about
16 hours after treatment (fig. 13). All
specimens, photographed within
seconds atter each section was sawn,
showed the same pattern: Good
distribution 8 inches from the open end
and far less creosote at the center of the
cross section within 1 inch of the end
coating.

The sixteen tuli-size specimens and

seven short-section specimens made
from the narrow series were
commercially creosote treated (table 4)
using a Rueping-type treatment
schedule simiar to that used in the
faboratory

4.Foot-Veneer Ties

Sixteen ties trom 4-f001 veneer were
also given a Rueping-type treatment at
the Koppers plant The treatment was
developed at FPL tor Press-Lam {21)
This was used 10 creosote the ties tor an
average retention of 6 2 pounds per
cubic foot (pcf) The schedule used tor
the treating was’

Initial air at 40 psi for approximatety 5
minutes

Cylinder tilled at 60 psi with
preservative at 200° F for about 5
minutes.

Fressure was raised to 85 psi with
preservative at 200”7 F over a
period ot 5 minutes.

Cylinder pressure ard preservative
temperature were held to 85 ps:
and 200° F tor 2 hours.

Pressure was bled oft to 20 psi over a
5-minute period and the
preservative was blown back to
the work tank.

Final vacuum was held tor 1 hour

ol

g o Vol gl gy

Wity

g e et Db

RN Tl

T LT

W

ol v Wy

il o

W

b 10 o4 s oA LR Al




during which the mercury gauge
averagec 25 inches of vacuum.
The cylinder was neutralized and
the tie reamovec
This treating cycle w 160/40
creosote-coeal tar solution achieved
complete penetration and 7-pcf
retention levels However, uniform
penstration across the annual rings was
not achieved. Borings showed nearly
complete penetratton in the treated
crossties produced from 4-foot red oak
veneer, whereas solid ties in the same
charge retained the preservative mostly
in the outside shell area (for equal
retentions) This result is consistent with
that reported previously (21)

Physical/Structural
Properties

Bending Strength

Selected specimens were tested to
failure in bending. The ties were third-
point loaded on a 90-inch span as
horizontally laminated beam3s (ASTM D
198 (4)).

Lo1ds and deflections were
monitored to failure.

Bending Stitfness

Some of the ties were tested in
bending to determine stitti.ess.

A dynamic MOE of all specimens was
obtained by ''stress wave’ equipment
which determines the transit time of a
pulse over a specified gauge length.
One of two procedures was followed:

The first procedure (on ties of §-foot-
long veneer) used an accelerometer
placed on the wide face about 1 toot
from the end and the other 6 feet away.
One end of each tie was struck with a
hammer and the pulse transit time was
meadsured (fig. 14).

The second procedure (on crossties
of 4-ft venee . neasured the speed of
transmissio. or an ultrasonic pulse from
one und of the tie to the other. Both the
transitter and receiver were placed on
the end grain with a grease couplant. As
will be noted, either this procedure or
the butt joints between veneer
produced inconsistent readings, and
the results are not reported

Figure 12 —Processing of 4-foot rad oak veneer to crossties
Upper left: Grading green veneer
Upper right: Press drying veneer
Center left. Applying resin
Center right. Step laminating
Lower left. Cutoff continuous boards assembly
Shear Bond Lower right Lamnating tie from Press Lam dimension boards

To evaluate the adhesive bond quality
of the ties, a saction 12 Inches longwas ™ 1487D
removed from each of the ties tested to
failure in bending. This section was perpendicular to the gluelines The subjected to shear tests using a method
removed near one end where there was  Cores were marked so that glualine 1 similar to one described by Seibo (20)
no damage From aach of these was the one nearest the top of the tie The load at failure and the estimate of
sactions, three 1-inch-diameter cores dunng manufacture and testing The the percentage wood failure were
weare removed, the long axis being gluelines in these cores were then ‘ecorded for each glusline testud

10




B

R0 RS A RSB I ¢ 50 ) N S s

gy O R 00 SRR R e R SR Dl RS g o

AL R G e OB B ) G T, e A A

*IEP 03 PpIUTLIqO BITNEI
pum uINeIIIPUR YOIBIBII IYI $ISSNOETP 310da1 TYL

*8973I860I3 JO .JUPNIOJ

-13d pue 2uyssavoid werl-8831g IIeNTRAD O3 PIIDNPUOD Il

SITpNIs OAl “SUOTIDIE UAEB-PITO8 °*aBap] 103 myl Juplip
JATSUIIXDP puU? *BSPUPEIP PUB 53800 BUISEIAICT 03 INg

*8987N 13U30 03 PIIIFATP Bes 8ITISB0ID 103

posn Llremion poospaey 9yl ‘siuvwmaaxinbaz snorasad 19ao
£Iqeadpysuod pIBBIIDUF /6T UF PUPWIP ITISS01ID IYL
*(€1t 1dd *ded °$9¥ °a33g ~103 ygsa) °d ¢

66T *1dz *8mM ‘UOBIPEH ‘AIUdY °1 ‘A

pue ‘12334 °) °D ‘erewozy °g °Q *3IsAIMOL M °YF

‘Apooy °D *y ‘a9zjeyds °1 °F “ZITWIIISL °] °r £q ‘Ivue
l-%107394 pue 3uySeIDOIJ :S9TIBS0I) TEI-5833.7 POOAPIeRH

*A1otel0qge ] S1oNpoad 152304 <

pU? UIAPIIIPUN UYDIRIBII Y3 $IBSNOWIP 33odax syl

*89F3I690310 JO IDLUSWIOJ

-12d pue Fuyss’doild wej-8$213 IIENTEA3 O3 PIIONPUOD IIam

83FPNis oAl *BUOTIVIS UmPB-PITO8 ‘IB1eT 203 2=13 Burlap
IAFPUIJIXD PUE *HPUPWIP PUEB 831500 ZUILEIIDUF 03 Ing

*$987 19O O3 PIIIVALP SRA S8ITISROID 103

pesn Ayjemaou poospier; 9yl “‘s3usmaiinbaxz snojasaxd 1940
£1qe19pIBU0D PeSEIIOUY /6] TF PULNAP 2FISS0ID YL
*(€1¢ 1dd *deg °svg °aA19s 104 Vasy) °d w2

6L6T “1dd °°STH ‘uoSIpE, ‘Lzuay °1 °a

pue ¢s1933q °p °D ‘eyEWoIy °s °Q ‘Is3INor °p °y

‘£pooR °D @ ‘a9z3eyds 7 °7F ‘237wl *7 °r £q ‘ous
-T103134 Pue 3UBSIT0Id :BIFISS0I) WEI-8831J POOAPIFH

‘ArojrICUR T SIONPOLd 153305 *°S*]

*238p O3 PIUIRIQO SI[NSIL
pues UIRLIIIPUN YO1eISal1 Y3 $3I8snosIp Jiodax STyl

*$33388010 JO JOULWIOJ

~33d pur 3uysssooad ZPI-8891d I3eNTEA?d 01 PIIAVNPUOD IIIA

Suipn1s oal °SUOTIVIS uUARS-PFIo8 ‘3BaeT 103 amyl Bujlip
IAFSUIIXI puER *‘SPULEIP PuUR 81800 3TFSLVIOUT 03 INg

*gI8N IIY30 03 PIIIIATP SeA $I[I8801D 103

pesn Al{Tew10u proapiey 3Y] °s3juamazinbai snojaaad 1340
ATqeaspIsucd pISLIIVUYT £/6T UF PUSWIP ITISS0ID IYL
*(€1€ 71dd °ded °89g °az13g °107 Yasn) 4 vz

6L6T ‘144 *°8Te ‘UOBTPER ‘AIuIy °L ‘M

pue ‘sza3ag °) °) ‘2rE®MOIn °5 °q ‘I8Iqor °4 ‘Y

‘Apooy °J °*¥ ‘1333eYyd>s T *3 ‘23FUWIIYIBL °71 °[ Lq ‘aIcue
-m10; -7 pue 3uysSID01d :83]ISB01) TLI-8831g poompirH

*£I07TRI00E ] SIONPOId 153103 °S°))

*3a3%¥p 03 PIUIL3IqO 8ITNFII
PUE aIqeI2IPUn YOIEISFII BYJ SISENOSTP 310dIT STYL

*SITIBHOID JO IDUPWIDJ

~-13d pue 3uyssadnid wWeI-8831d IIETnTRAD VI PIIONPUOD IIIA

sa27pnis oml *suolloIs umes-pyios ‘s8ieT 103 w3 2uyplzp
dATBUSIXD pue ‘spuemap pur 831802 FUFFEIIOUT 03 I

*8987 1Yo 01 PIIIILIP Sem $ITISBOID 103

pesn L7Temziou poompiey 3yl °sruamsiynbaa snotssad 1vac
£1qe13pIsucs PILLIITUT £/5] UT PUPRIP IF3I880ID I
“(£T€ 1dd *ded °89g °*a2vg °107 ¥asn) "d 9

§(6T *°1d2 *°8T4 ‘uogipeR ‘4AIuIyg °1 °pm

pue “8123234 °) °H ‘elE=01H °S °Q ‘ISIIMOL ‘M °F

‘Apoox °D °¥ ‘a933EYdS °1 °Z ‘ZAIFWAWISL °] °[ £q ‘ouw
-210319d pue 2UTSBIVOIg :8I[IB601) WEI~-$83I1J PCOSPIPH

*£I01RI00R T SIONM0I] 152103 °C*




T

rrE

B

5
A

Table 4.~Treating data tor 8.5-foot-veneer ties Table 5.— “reosote retention test
sectlons tor one treating schedule for
Nomial Crete . 8.5-fovt-veneer ties
Tie venaal Creosote
Secten thickness thal Pressite retenton ? § Nurtbe: Reteria
aun tune i@ Sgeciex RUPTIN Teterly
n Pay Prig h et (AN
Redd oak (U 100 an 14 Reg dak "0 an
40 an 7 4 Reg vak v 8
" 8 ¢ " Blachgur B ¢ @
40 40 we e R Whnte vas o8 "
4 wo (R Teedon o8 '
(Y as 2 LR Sueetgin 28 -
fleg » 3 =3
Blackgien 25 40 we 2 wa
4o 85 2 85 Treating scheguie Ar 40 pse th e | apsole
W0 s 2 3 Qg sCheaa! NS N ROSC
40 an » g RO A AT T
Wiiite oan Bl w0 an ? va
™ wo ¢ ‘8 Tie Wear
4 as 2 L] Crosstie sections from nattow ties of
4 40 as A4 8 5-foot veneet were subjected to test in
. an Assoclation of Amencan Railtoads
Hickary . :s “:“ 7 “0 (AAR) tie wear machine (lig 15) To
- conduct the test, a 14-nch steel e
Sweetgum B3 4 W 2 gy Plate and short length of rail are
o 86 2 T fastened to the tie section using
o 4 8 2 2 conventional 5 8-inch spikes driven
26 m an 2 ey nto 5 8-inch holes
40 LU 70 in the test, both vertical and lateral
40 85 2 58 loads are applied The latetal fotces
. A ) simulate the patiern of the outward and
Hirahantvosds a; 0 o 66 inwaid totees on the outer rait ot a
cutve. Atyprcal test with a 14-ineh fie
Finalvacuum was 1 b long plate on a creosoted oak tie would yield
“Frold test, Koppors Company., tne aveiage torce components ot 20,000

“Freld text, Pann Canttat rahoad

h \“t\‘\qqfa‘g\. -
¥ 13
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Figure 13 ~Treated red oak tie of 8 5-
footf veneers, cross-cut 8 inches from
open end Dark areas ame creosole-
treated wood
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Figure 14 —Stress-wave measurement on an 8-foot-veneer fie
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pounds vettical, 4,000 pounds inward,
and 8,000 pounds outward of the track
The optimum speed of the tie wear
machine is about 12C revolutions per
muwte Two and one-half million cycles
ot alternating vettical and lateral toads
constitute a full test A constant dup ot
watet is applied or each side of the 1ail
and sand s added to the vacant spike
holes in the plates to accelerate tie
wear No sand and water are used i the
first 20-minute seating pettod

Cyclic Delamination

Cyclic bond delammation tests.
conductad according fo AITC 201-73
(1). were pertormed on test bivcks
taken tcom tive crossties previyusly
testad in bending

Lateral Resistance

The tail-holding ability ot a tie ts a
ctuctal constderation in s
performance. especially atound curves
whate maximum lateral thrust would be
encountered

In the lateral resistance test (17). a
short section ot 136-pound rail was
sptked to a 25-inch length of 7- by 9-
nich Press-Lam crosstie made of 4-foot
veneet Two new tal splkes cut 5 8
nch by 6 nches were duven tiush with
the tie plate into a t  2-inch predniled
and creosoled hole and then withdrawn
appronmately 1 2.inch (exemplitying
intrack condittons) Both spikes were of
the rail holding type The rail was
loaded with 2 1 (vertical honzontah
components so that the load vector
would traject just instde the edge of the
tail base (causing tail lateral movement
and not rait overturting) Lateral
displacement of the 1ail head and ranl
base were recorded

Intrack installation

8.5-Foot-Veneer Ties

Six Prass-Lam crossties were placed
m the Penn Gentral Class 3 tracks at
Ortville, Ohio, (May 1974). Four ot the
tias were placed in a relatively dry
location and two in a tow, wet spot in
the line. Spike holes were predrilled
(578-in. diamaeter). No problems ware
encountered during instaliation.

Saven crossties were inserted infrack
in the Koppers Company yard at the
samae time. The track sees very imited
engine and car use, but submits the ties
to other weathering and in-ground
conditions.

Tie pertormance was monitored
waekly for a month, then monthly for a
year, and periodically thergafter
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Figure 15 —Tie-wear machine wupper) and close up (ower) showmg it and wate

drpping onto ran and tie section

Table 6.—Results of bending tests on laminated crossties of 8.5-toot veneers

Maodutus
T gpecies of
nigprtuee
Pa
Red oak bR
Hed oak -
Whito oak Auxg

Veneers wete (0 26w ek

Shea
stress

at

fahwe

Par
420
182

B3
¥

e of tadaie

Beming and hongzontal shear
Haonzontat ghean
Honzontat chear
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Table 7.--Rasults of ultimate be ding strenpth tests of crossties from 4-toot red

oak veneer
Tie Ot Modulus
molstire spﬁc);t(c ot Sheat stress
. at taiture
content gravity tuptine
Pt Psi Pai
1o 061 5,680 30
12.4 56 5,03¢ ot
11.6 59 6,240 362
10.6 60 5,100 288
e 59 2,900 171
105 59 5.260 04

‘Based on ovendry weight and volumae of rampie cut trom specinen
“Failure occutred at a glueline which appeared to have precured

FRA
FAST TRACK
(4.8 MILES)
PUEBLO, COLO.

12
FPL TIES 4
50\‘}CI—-
~
W
< 4980 [:-
49
= 580
Q <920 }_
-~
Ewsor
I (| LTV I8 G O O A Y i d
I Ki $ £8 0 & 4 1€ 8 20 2é
2 s < FRS | <5 K3 2

TRACK SECTIONS

Figure 16 —Federal Railroad Adnunistration’s FAST Track layout at Puebio, Colo ,
and grade for each track section Numbers above curve indicate grade

M 143 264)

4-Foot-Venwer Ties

Ot 16 creosote-treated Press-Lam
cro: sties made from d-foot veneers,
gigh. were installed in the Burlington
Nortl.arn track near Moline, i, (May
1976), four ware installed in a Federal
Railway Administration accelerated test
track (“FAST Track™) in Pusblo Colo.
(June 19786), and four were retained for
future instaliation intrack in the Koppers
yard.
The Federal Railway Administration

FAST Track instatlation was activated in
October 1976. This accelerated
evaluation test tacility subjects track
components to accumulated service
loads ten times taster than can be
achieved in commercial setvice. In
addition, FAST Track has a higher
percentage of curved track thanis
common in the U.S (fig. 16), thereby
increasing the potential for i higher rate
of wheel and track wear. A train is
continuously run over the track tor 16

hours a day, and inspection of the track
is dene during the remaining 8-hour
period Tie plate cutting measurements
waere initially conducted on a 20-day
cycle and changed to a 40-day cycte
after 11 months.

RESULTS AND ANALYSES

Physical/Structural
Properties

Bending Strength

One red oak and one white oak
crosstie laminated from 8 5-foot-long
veneet were tested to destruction in
bending (tabie 6). Another red oak tie
taled w1 shear at inid-depth during
stitiness testing.

Simtlar resuits for six of 25 crossties
from 4-foot red oak veneer are also
shiown (table 7) One tailed during
stiffness testing at a glueline in the
bottom subassembly All other tailures
were in Hexure and were believed to
nitiate at the bottom butt joint located
near nudspan,

Examination of AREA requirements
for timber crossties indicated an
expected average MOR tor minimum
quality solid-sawn ties to be about 4.400
pst with a near-minimum value of the
population of 3,100 ps1 Although no
data of typical solid-sawn ties are
available, this provides a value tor
comparison

The ties ot 4-foot-long butt-jointed red
oak veneer are not as strong as those
manufactured from full-length veneer
without butt joints However, their
bending strength properties compared
tfavorabiy wiiii #0383 predicted far solid-
sawn ties The expected performance of
the Press-Lam ties in bending 1s likely
comparable to solid-gawn oak ties.
Considering the five ties produced from
4-toot veneer and loaded to tailure (and
eliminating the detective tie), the
average MOR was 5,460 psi, a 24
percent increase over the expected
average MOR of mimimume-quality solid-
sawn timber crossties The detfective tie
had a strength close to the near-
minimum expected of solid-sawn ties

From the Wood Handbook (23).
average MOR for small, clear, ted oak
specimens is 14,300 psi It has been
shown that conversion of logs into
Press-Lam results in a material with
approximately 82 percent of the
bending strength properties found in
comparable solid-sawn material (18).
Apptlication ot this “Press-Lam" tactor
and correcting for member size and
loading configuration would result in an

13
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Table 8. —Modulus of olnticlty values calculated from stress-wave results tor ties

from 8.5-toot veneer

1 Nominat Cross-si-ction
3
species veneer dimantions
thickness (height & width)
In In
Red oak 025 7x9
40 7x9%
I x 9%
Blackgum 40 7x9
White oak 25 Tx9%
T'ex9
40 Tx9%
Hickory 25 7x9
Swestgum 25 7x8%
40 7x8%
Mixed gum 25 7x8%
- 7 x8%
Beech 25 Yy x 8%
Ty x 8%
Mixed hardwoods Mixed 6% x 8%

'‘Basad on volume at 10 pct moisture content and oven dry wenght

Spacitic MO(:):"US

gravity olasticdy

Millson psi
066 16
2 15
6 19
68 20
52 14
72 23
74 22
72 20
81 25
65 18
56 16
55 17
5, 156
66 'S
69 18
75 20

Table 9.—Stress-wave and bending modulus of slasticity values for narrow
crossties from 8.5-foot veneer

Cross-section

Tie r::':;:?‘ dimenstions Specific
species thickness (height and gravity
width)
In In
Red oak 025 % x 8 064
6M x T 66
40 gvh 63
6x8 54
Blackgum 25 Yax 8 53
White oak 25 6x8 7
M x 7w 69
Mixed oak 25 7%x8 67
Rickory 25 6% x8 75
Sweetgum 25 6lax8 57
Beeach 25 ix8 64

'‘Based on volume at 10 pct moisture content and ovendry weight

Modulus of
giasticity
Stress Long span
wave bending
— Mithon pst —

18 18
17 17
17 18
17 19
15 i%
22 21
20 19
19 18
22 23
18 16
17 15

average MOR of 9,200 psi. This
becomes the estimated strength of clear
straight-grained Press-Lam ties.

Estimating a strength ratio ot 85
percent, the average expected MOR ot
specimens with knots becomes 7,820
psi. This value compares tavorably with
the properties ot Press-Lam crossties
made trom 8-foot-veneer lengths (MOR
= 7,760 psi). In ties made from 4-foot-
veneer lengths, there s a net reduction
in the moment ot inertia due to the
presence of butt joints in some plies.
The average ratio of |, /1. was
calculated to be about 70 percent.
Inclusion of this butt joint tactor
reduces the expected average MOR to
5.460 psi, exactly the average value if
the defective tie is not included. This
procedure demonstrates the
predictability of obtained strength
values.

Bending Stitiness

The results of static and dynamic
¢ aterminations of MOE for crossties of
8.5-toot veneer are given in tables 8 and
9. As expected trom clear wood
strength data, the hickory ties had the
highest stitfness; the gum and beech
had the lowaest. All crossties excesded
the 1.1 million psi MOE level suggested
as a design level. The stiffness obtained
from the bending tests correlated
reasonably wel: with the *stress-wave”
values. A 95 percent confidence interval
tor predicted MOE in bending
unadjusted full span) using “"stress-
wave' values was 1 18 percent.

The results of static bending
determinations of MOE for red oak
crossties composed of 4-foot veneer
indicate a mean MOE of 1.2 million psi
and coefficient of variation of 10
percc . for these crossties. This
exceedsd the 1.1 milion psi level
suggested for solia-sawn red oak ties.
but is considerably less than crossties
from 8.5-toot veneer. MOE vatues
determined by ""stress-wave'
techniques were 25 to 70 percent higher
(average, 40 pct) than those determined
by bending tests and are not reported
here. During the test period, this type of
stress-wave equipment was being
evaluated (12) and the causes ot the
ditferances were not pursued as part of
this study.

Shear Bond

Shear strengths of smail glue-bond
test spacimeans ramoved from the Press-
Lam crossties, were evaluated.
Compariscn of actual shear strengths of
many small test specimens tc shear




requirements developed for full-size
timbers present problems in analysis of
data. Lccal variation in shear strength
could &3 easily detected in the small
specimens, while this variation would
tend to “average out" over the gross
cross-section of a railroad tie. To
account for a portion of this
discrepancy, average allowable cross-
section shear stresses with an assumed
coefficlent of variation of 14 percent
(23) are compared with group averages
of test data from the shear bond
specimens. Statements regarding the
adequacy of shear strengths in the two
phases of this study are base-! primarily
on apparent tie performance. A design
shear stress of 120 psi used by AREA is
derived from red oak clear wood
properties. By multiplying by a factor of
4.5 (9). the expected near-minimum
shear strength is 540 psi.

Shear weakness was common
throughout the 8.5-foot-veneer
crossties of several species, as
evidenced by the shear failures of a
narrow red oak tie and one other red
oak specimen. Shear tests were
performed on 1-inch cores as removed
from specimens ot the other seven
narrow ties (20).

Tie performance indicating
inadequate shear strength is
substantiated by test results (tabie 10).
Only the blackgum, beech, and hickory
ties had average shear bond strengths
exceading the average expected of a
minimum-quality tie. Results generally
indicate that precure was the principal
factor affecting bond strength. This was
one resuilt of working with an
experimental adhesive (16) for which
little previous experience was avaiiable.
The highest frequency of bond
weakness seamed to be at the platen-
reheated intertace occurring at every
third ply (table 2) (tig. 9), perhaps a
result of the high temperature (260° F)
at this Intermediate surface between
sets as assemblad,

Other possible factors which may
contribute to poor bonding are the
nonuniform pressure upon the glue
bond caused by extreme variation in
veneer width (overhang, indentation in
stack and thickness), and unknown
influence of surtace fungi on scme
veneers.

For the ties produced from 4-foot
veneer average shear strength was
1,120 psi with coetticient ot variation of
30 percent. Wood failure averaged 79
percent. This average shear strangth
substantially exceeded the expacted
average ot a minimum-quality tie. Even
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Figure 17.—Periodic shear bond strengths as a function of tight-to-tight (7-T),
loose-to-tight (L-T), and loose-to-loose (L-L) types within the tie. Average for six rec

oak ties (each point 18-test average: 72 observations for T-T, 180 observations
for L-T, 90 observations for L-L).

(M 145 352)

00 1 1 T i I A

WOOD FAILURE (%)
3 8
!
]
1
]
!
]
'
5 )
]
1
]
)
1
]
1
1
]
1
]
§
1
i
f
>|o*
N
\'7:
/ ~
(2
o
{
N‘
b33 4

AN, (% ASNED N AUNEURY RUN WY 5. LSV, B A, 2% L-T
__________________ - Dt « R P
70 i LT _di~t
s0 l LB | i I i
[ 8 /0 12 i+ 6 8 20

GLUE LINE NUMBER
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types within the tie. Average for six red oak ties (each point 18-test average: 72
observations for T-T, 180 observations for L-T, 90 observations for L.-L).
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the tie that failed during proofioading
exhibited adequate sheat strength,
indicating that the precure condition
that caused the failure was probably
localized. Conversely, bonds between tight faces
The variability in the test data is of vaneer are substantially stronger. In
partially a function of the test procedure spite of these factors, the resuits of the
itself (19). and partially due to the tests on the full-size membars were
nature of a bond between two pieces of  considered satistactory, and the ties
veneer (figs. 17 and 18). waere pressure treated with preservative
Bonding the loose side of the venear  with very little glueline separation.
considerably reduces the average shear
strength and percent wood failures
obtained. There are several reasons for
this. The loose side is rougher and its

surtace less sound than the tight side.
Also, a portion of the adhesive applied
is absorbed into the lathe checks where
it does little to improve bond quality.

Tie Wear
One blackgum and one red oak tie
made from 8.5-foot vaneer were tested
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in the AAR tie wear machine after
creosote treatment The overall
performances cf these specimens
under a 14-inch steel tie plate was
adequate during the 2 5 million cycles in
the tie wear machine (tigs. 19 and 20).
The tie plate was tastened to the ties
with cconventional %-inch spikes driven
into Y%-inch holes. The surtace wear was
low on both specimens These tesults
compared favorably with the
performances and wear on treated sohd
oak crosstie specimens tested under
the same conditions

Examination of the test specimens
reveaied significantly difterent internal
checking patterns in red oak and
blackgum faminated crossties The red
oak laminate contained well orderad
lathe checks. The checks were
intensified in the areas of spiking as
observed on cutting the tie specimen
close to the sptke across the load-
bearing area (tig 21)

On dniving a %-inch spike 3 inches
into a 9. 16-inch hole in the red oak
laminate, the specimen spht. A piece ot
solid red oak of comparable moisture
content, specimen size, and spike hole
location did not split on driving a *-inch
spikeinto a9 16-inch hole These
rasults are indicative of a potential
problem, but are inconclusive

In contrast. the blackgum laminate
showed no open lathe checks either at
the ends or internally When the spike
was driven into a9 16-inch hole, no
internal cracks were developed n the
blackgum taminate (figs 22 and 23)

Cyclic Delamination

Cychc delamination tests performed
on test blocks taken from five ties
taminated from 4-foot red oak veneer
tested previously in bending disciosed
that three specimens exceeded AITC
201-73 (1) requirements on the first
cv ' Itwe “qcided at this point to
cnauk one specimen by sphtting it apart
with a chisel at the gluelines to
investigate the wood surface and. or
adhesive condition.

Between laminates 7 and 8. where the
longest open time occurted, starved
and precured adhesive was prevalent,
and approximately 25 percent of the
surface showad wood failure The
glueline between laminates 11 and 12
showed precure along with
delamination due to lack of bond at a
large knot. Wood failure resulting from
the chisel test was approximately 30

percent of the bond area. Another major

opening appeared between laminates
17 and 18 where extensive crossgrain
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Figure 19 —Blackgum veneer lig sections after 2 5 nullion cycles i the wear machine
under a 14-inch steel tie plate
Upper Surtace Average wear. 0 09 nch o dease
Lower General appearance i\ 146osh

Figure 20 —Red oahk veneer tie sections after 2 5 nillion cycles in the wear machine
under a 14-inch stee! tig plate

Upper Surface Average wear. 0 07 inch o 14606m

Lower Ganeral appearance miseoen




Tie
species

Red oak

Blackgum
White 0ak
Hickory
Swestgum
Beech

(M 146 058}

Species

Gum

Gum

Red oak

Red oak
Red oak
Red 0ak

Numbet
ot

plies  Average Range

19 422

546

854
28 649
28 ™
28 §82
3t 1194

9 months
OK

oK

Shght delamination
south endt

oK
OK
oK

Sm;ar

Wood
valye’

.

127-1,019 1.900
0-1.069 1,900
0-1.292 1.450
0-1,184 1600
0-1,585 2.080
0-1.7%2 1.600
01,903 2.010

‘For solid wood specimens at 12 pct moisture content

Langth of senke
34 months

Top two fanminations
ioose
Detammation 3 n
qead over miide
natt ot tie
Siight defanunation
south end, skght
e plate cutting
south end
OK
OX
OK

Table 10.—Shear test data from laminated-crosstie sections

Wood tature

3

1

L5588k

hardibooh  Average  Range

Pet
085
090
0-100
0100
085
0-100
0-95

Number

of lams
showing
avidence
ol precure

Zhuweo !l an

- -

Figure 21.—~The lathe checks in the red oak veneer specimen cut through the load
bearing area are frequent and orderly. Damage caused by the spike is indicated by
the small pointer. Several laminae are intact.

Table 11.~Intrack performance of six crossties of 8.5-foot veneer

60 months

No ncrease n
gelammngton

No nCraase o
delamingalon

No furthet tre
plate weat
Q& cultng

O
OK
OK

{approximately 40 degrees) was noted.
Wood tailure was about 80 percent, and
the cause of the opening was dua to
shirinkage of the thin water of wood left
between the sawn face of the specimen
and a butt joint.

Of the remaining four specimens, only
one did not meet the criterion of less
than 5 percent delamination

All specimens were procassed
through the second cycle and met the
less than 10 percant delamination
criterion as required by AITC (1)

Lateral Resistance

Tests on one red oak Press-Lam
zrosstie of 4-foot veneer, and two solid-
sawn crosstias (one red oak and one
white oak). showed comparable
results®. At 130,000 pounds total load
(enough to dent the rail). the rail base
displaced iaterally 0.056 inch and the
railhead moved an additional 0.18 inch
in the Press-Lam crosstie test. not
signiticantly ditterent trom the white and
red oak solid-sawf crosstie tests.

intrack Performance

8.5-Foot-Veneer Ties

Six crossties installed in the Penn
Central track at Crrville, Otuo (May
1974) continue to pertorm well to date
under more than 35 milion gross tons
of service per year (table 11) The
degree of tie wear appears to be about
normal after § years of service

Seven ties placed in the Koppers
Company yard trach at the Orrville plant
{(May 1974) indicate that the predriling
0t spike holes may not be necessary
Only one vanegr in the seven ties
{approximately 140 veneers) installed
without predrilling split as a result Ot
spiking. Setviceability remains excellent
to date {May 1979)

4-Foot-Veneet Ties

Eight ties installed in the Burlington
Northern track at Moline, Il {(May 1978)
appear to be functioning well After
nearly two years of service. it was noted
that one tie had a delamination
approximately 1.5 inches from the top of
the tie. This delamination ran across the
and of the tie and approximately one-
third the length of the tie and was about
{ 5inches deep. The ties were
inspected again in November 1978 and
all ties were noted to be sound except
for the above-mentioned delamination

An mspaction in Decembar 1977 of
the tou: laminated red oak 4-foot veneer

“dageph £ Murphy 1979 Perzonal

communcation Forest Products Labaratiy
Madson Wis
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crossties installed in the FRA FAST the large core diameter. Spinout was Spinout was not a serious problem;

Track in Pueblo, Colo., revealed no tie not a problem. Fewer small-diameter when it did occur, a significant recovery
plate cutting or other deterioration. At logs would also have improved the ot veneer was achieved. Although the
that time, 166 million gross tons ot yield. Forest Products Laboratory lathe is not
service load had besn accumulated. An interesting comparison can be equipped with retractable chucks, it
Inspection in Apnil 1979 showed thatall  made by examining recovery of solid- should be possible to change from

tias were performing well after the sawn 7~ by 9-inchi tigs from these same 8-inch chucks to 6- or 4-inch chucks
accumulation of 235.4 million gross logs. Using minimum diameter, it is after turning to 9 inches. One can

tons ot load estimated that 36 ties could be calculate yields for 6- or 4-inch chucks

recovered.* If these were in fact 9-foot by assuming that the same efficiency
YIELD AND ECONOMIC logs. yielding one-half tie per core, then  would be obtained for smaller chucks as

ANALYSIS the venear (sutficient for 33 ties) plus 13 with 8-inch chucks (fig. 24)
dowel ties (27. 2) would yield 46 ties.
Log Yield Neither 4- nor 6-inch chucks were Calculated Yield
considered adequate for turning From the simple geometry of peeling
Rotary Cutting 16-inch-diameter bolts of red oak 8.5-foot logs (opening of the cylinder
8.5-Foot Veneer without excessive bolt spin out. The tirst  into a spiral sheet), one can calculate
Due to the difficulties encountered in  bolt was turned with 6-inch chucks and  theoretical green yields for various log
the rotary cutting. only 27 crossties did spinout. Thus, for all other bolts “Hiram Hallock 1976 Personal commurication

were obtained from 80 logs that should  except two, 8-inch chucks were used. Forest Products Laboratory Madison, Wis
have supptied 100 or more ties. Asa ; [
result of impruper conditions for rotary
cutting, this yisid of product s
considered unrealistic

4-Foot Veneer

A total of 53 boits (50 in.) were rotary
cut: average small-end diameter was
16.0 inches (cov = 17 pct): average
roundup diameter was 15.3 inches (cov
= 17 pct); and average core diameter
was 9.1 inches (cov = 13 pct). The
theoretical yield based upon log and

core volumes was 66 percent (cov = 38/3 -2 / 8

14 pct); the actual yield was 49 percent

(cov = 22 pct). The overall etficiency of  r,gu1e 22 —The lanunated blackgum veneer contains only a few lathe checks These

cutting and veneer yield was calculated are fing hines observed in the lanuna which were not opened by spikin
to be 74 percent (cov = 15 pct). The P Y Spiking

low yield from this study is due mainly to v s a8

O

L

i i i
plibc b L

AS

- ;RED OAK- N RED OAKk . BLACKGUM
MSOLID SAWN R | AMINATE ¢ LAMINATE

Figure 23.—A brash spht occurred on drniving & 5. 8-inch spike 3 inches into a 9 16-inch hole in the red oak lanunate
Neither the solid oak control nor the blackgum lanunates spiit on having a spike driven 5 inches into the wood

(M 146 054)
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100 diameters and final core size. Two

I ] U gw options are available in cutting:
— g: (1)
——— 4,,CHUCK Salvaging a half tie (4.5- by 7-inch by
- — — — 6 CHUCK 8.5-foot section) from a 9-inch core, and
— (2) cutting to 6-inch cores of low value
80 +— - — - 8“CHUCK -~ (table 12).
- -~ “ Table 12.—Caiculated veneer ylelds
-~ — < 4,,CH UCK from 8.5-foot logs of various diameters
/";"- 6 CHUCK and core sizes
-, " —
60 8 CHUCK Log Cote Green yldd
ciameater  diameter (theoretical)
7 In In Pctlog
- volume
40 — 2 9 a2(+ 1 20
——THEORETICAL s g ég“ 1 200
—— ACTUAL 6 83
20 9 79(+ 1 2%e)
20 1 1 - L 6 89
12 /6 20 2 9 B4(+ 1 200)
LOG DIAMETER (IN.) _ ® %
Figure 24.~Effaect of log diameter on yield from three chuck sizes.
Eficioncy = —-_Actualyield t Cost Estimates
y Theoretical yield '~ Peéreent There are several laminating schemes

74 percent efficiency is actual for 8-inch-diameter chuck, 16-inch-diameter 51- that might be suggested tor the
inch-long log from this study. using 54 bolts. The same efficiency is assumed for Manufacture of Press-Lam ties, one

other chuck sizes. such layout is shown in the block
diagram (fig. 25). The schematic does
(M 148 262) not show conventional log prepration,
rotary cutting. veneer handling. and tie
DRYING SUBSET ASSEMBLY TIE LAMINATION cutting.
The operating cycle is assumed to be
6 minutes for production ot one five-tie
billet. At arate of two 7-hour shifts per
HOT day. a manufacturer could produce 700
PRESSES ties per day plus about 200 dowel ties as
secondary recovery.
INGLE OPNG. The capitalization of the alternative
Hor corp teaoucs e vrears iy oo
ry taster
PRESS P2 PRESS (table 13).
Using the above proposed
P3 manufacturing methods, the following
ggé.%-,/ ﬁég g;,’z_%z G > CUT assumptions can be made to yield unit
costs per untreated tie which in turn can
PRESS P4 PRESS be used to calculate total tie cost for
spectfic cases (lable 14):
PS5 Assume:
Logs: Red oak (other species of
similar drying rates)
P6 Diameter (small end) = 15
inches
15-30 OPENINGS Length = 9 teet (90 BF ‘log
/-3 PRESSES 3-6 PRESSES ! PRESS Scribner scale)
4'x9'SIZE 4x9'SIZE 4’29 SIZE Veneer: 9.1-inch core
65.7 percent green yield
Figure 25.—0ne scheme for processing Press-Lam crossties from 8.5-foot veneer. (theorstical)
Billets 4 by 9 feet by 7 inches thick are produced and resawn into 7- by $-inch by 9- 10 percent thickness loss in
foot crossties. drying
0.41 inch lamina thickness
(M 148 263) (green)
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Ties. Dimenston 7- by 9-inch by
8.5 feet
Efficiency of veneer use
Actual = 75 percent (of 65.7

pct)

Theoretical = 100 percent
(of 65.7 pct)

Yield = 0.75x65.7 = 49.3
percent

Core. 1. 2 dowel tie (100 pct)

A Press-Lam plant 1s designed to
press dry and lamnate billets essentially
4 by 9 feet by 7 inches deep to be
resawed into five ties. The totai annual
production of Press-Lam ties would be
175,000.

Total tie manufacture per year can be
evaluated both on a theoretical and
actual basts. In this context.
“theoretical” imphes complete
utilization of the green annular volume
(between the small-end diameter and
core diameter) whereas “"actuai™
assumes a 75 percent efficiency of

recovery and utilization.
Tneoretical Actuai

Total logs 32 740 123 653
Prass-Larn 175000 175.000
ties
Dowel ties _ 46370 61827
Total tes 221370 236 827
SUMMARY

It was found that Press-Lam (parallet
lam:nated veneer) railroad ties—from

veneer of thicknesses up to 0.4 inches
from grade 3 logs ot vanous hardwood
species with or without butt joints (8 5-
and 4-foot veneer lengths)—~possessed
physical properties consistent with the
current specifications for solid wood
ties. Performance characteristics of
these fabricated ties were extended to
three separate intrack test groups. ali of
which to date (longest time interval. 5
years) have been satisfactory. As
expected, creosote preservative
treatment was adequate for both types
and ali species, with the added
advantage of reducing the treating time
by one half. The above intrack tests will
contnbute further judgments on this
treating procedure

No doubt the greatest problem in any
manutactuning operation wouid be the
maintenance of glue bond quality

(shear strength) as temp¢ -ature and
time have rather narre. mus dhin
which to prevent i the resin.
The viability of this St most hikely
will depend vpen tt snoruicsof
manutactura—rotpon ‘ha
pertormance ~hg _cteristics, wh+..10
date seem gocd Intu.~ *heec: aomics
depend strengly ugon b g

volumetric yield of ver:ze. . anu resin
costs One important observation was
that the resin manufactt er has some
lattude in developing a "new’ bonding
formulation to meet the needs of a non-
commerctal processing concept (R&D)
with the primary objective cf lowering
resin costs. While two processing
schemes are presented, others can be
concetved which may reduce capal
and labor costs. without reducing
product quaity

Table 13.—A possible layout scheme for Press-Lam crossties made from 4- by 9-
foot veneers (fig. 25)

Prass-drying

Veneer Number
. fime
{hickness of plies \
)
Min
O 487 15 LR
3350 20 85
0233 32 384
o= 87 8¢y - rezoan §50ct 20pct 3T FOAD

Dnyving presses

Numbper ot
subset
Number of
Number presses

opemings

3 15 3

K 26 4

H 30 [

ow

Table 14.—Summary of unit cost factors and an example of tie cost calculation

Unit Sost factors

Cost
Hem Unit cost
Theoretical Actuat
— Doilars 1@ -
Log o377 0470
Capual 715 658
Labor 451 318
Giue 727 727
Qverhead
Labor 248 232
Capital 451 422

Total

& Sost caicuiation

Cost por untreatec te

Lol Simeansion Piant
pet e specthicat:an
Thegrencal Actuat
— Dohats -
§ 8§10 MBF (Scndnern) 5100 MBF 3 470
& Si1d-camtal
avesiment (3Qyr
12 pet nterest) §3 W 215 1488
§ $10- 310 vt 457
§ 8010 it glue
porements $030 ib 218 248
§ $10 :abor cost
{55 pcth 55 pet 248 228
$ S10-capital
investment
8 pct) 10 pct 135 125
16 33 16 58

Caputat investment and Iabor speciticalion would be highe* than shown for actual case tecause more half dowel ties wou'o be manut*clured
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APPENDIX.
VENEER ACQUISITION

it had been proposed to ship the 8-
oot 6-inch veneer of six species groups
that had been rotary cut in Alabama via
refrigerated truck to Madison, Wis.
Because of shipping regulations and
lack of a refrigerated truck, the material
was shipped by an open truck. The
veneer was stacked on piywood and
was covered with plastic. The shipment
arrived in Madison 12 days atter rotary
cutting with the plastic broken. This
induced partial uneven drying and the
stacks had shifted. damaging veneer
plies. in addition, the veneer packages
had been attacked by fungi at the
surfaces.

Packages were held under cool
conditions (50° F) for several days aftar
receipt. The veneer was then resorted,
wrapped in polyethylene plastic sheets.

™
N

and put on pallets. These were then
transferred to a subzero warehouse for
storage to arrest the already excessive
mold development and to prevent
further drying. Before actual process
drying. the veneer was returned to room
temperature. In the veneer resorting. it
became apparent that there was
insufficient veneer: much veneer was
too narrow (badly clipped). too thin (fish
tail), or too short tor the 8.5-foot-long
“intrack™ ties having 7- by 9-inch cross
sections. Therefore, before drying.
ancther sort was made on the basis of
width greater or less than 9.5 inches
and on excessive variation of thickness
within one of two size classes and on
heavy fungal attack. The more than
9.5-inch-wide veneer was suitable for
intrack ties; the lesser width could be
used for the test ties (6- by 8-in. (face)
by 8.5-ft). All utilizable veneer was
trimmed to lengths of 8 feet 7 inches.
Thin, short, and fungi-ridden materiat
was discarded.
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